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(Title of the Invention) Engine exhaust purifying device 
(Abstract) 

(Object) To adsorb initially in an adsorbent unburnt hydrocarbons which are 
discharged in large quantities on engine start-up, and to be able to raise the 
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temperaoire of a catalyst rapidly up to its activation temperature, before the 
hydrocarbons are desorbed from die adsorbent. 

(Composition) Acamlyst 5 having high carbon monoxide combustion activity 

is provided between an adsorbent 3 in an exhaust passage 2 and an exhaust-purifying 
catalyst 4 on the downstream side of the adsorbent 3, and carbon monoxide that has 
passed through the adsorbent 3 is catalyticaUy burnt, promoting the temperature rise 
of the exhaust-purifying catalyst 4 and causing it to reach its activation temperature. 
(Advantages) Since the exhaust-purifying catalyst reaches its activation 

temperature before the unburnt hydrocarbons start to be desorbed from me adsorbent, 
highly efficient purification of unburnt hydrocarbons is possible, and reductions in 
the amounts of hydrocarbons discharged externally can be achieved.^ 




(Claims) 

(Claim 1) In an engine exhaust purifying device wherein an exhaust-purifying 
catalyst is provided in the exhaust passage of an engine and an adsorbent is provided 
on the upstream side of the said exhaust-purifying catalyst, an engine exhaust 
pmifying device characterised in that a catalyst having high carbon monoxide 
combustion activity is govided between the aforementioned exh^^urifying 
catalyst ardjte afojenwnticfflefl adsorbent, and carbon monoxide is burnt by the 
aforementioned catalyst having high carbon monoxide combustion activity, 
promoting temperature rise in the aforementioned exhaust-purifying catalyst and 
causing it to reach its activation temperature. 
(Claim 2) to the engine exhaust rjurifymgde^ 

exhaust purifying device characterized in that a catalyst havi ng high carbon monoxide 
combustion activity is contained in the aforementioned lexhaua-pixrifying catalyst 
(Chum 3) In the engine exhaust purifying device described in Claim 2, an engine 
exhaust purifying device characterized in that one portion of the upstream side of the 
aforementioned exharjst-purifying catalyst is a catalyst having high carbon monoxide 
combustion activity. 

(Claim 4) In the engine exhaust purifying device described in Claim 2. an engine 
exhaust purifying device characterized in that the aforementioned exhaust-purifying 
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catalyst has a multi-layer structure whereby a layer of a catalyst having higji carbon 
monoxide combustion activity is provided in a direction parallel to the exhaust flow. 
(Claim 5) In the engine exhaust purifying device described in Claim 1, an engine 
exhaust purifying device characterized in that an air supply device is provided on the 
upstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity and air causing the carbon monoxide to oxidize is supplied by 
means of the said air supply device. 

(Claim 6) In the engine exhaust purifying device described in Claim 5, an 
engine exhaust purifying device characterized in that the aforementioned air supply 
device is provided on the upstream side of the adsorbent. 

(Claim 7) In the engine exhaust purifying device described in Claim 1, an engine 
exhaust purifying device characterized in that a carbon jgoaoxide sensor and a n 

oxygen sensor are provided on the upstream side of the afor ementioned cata lyst 

having high carbon monoxide combustion activity, and oxygen is s upplied to the 
aforementioned catalyst having high carbon monoxide combustion activity in 
response to signals from these sensors. 

(Claim 8) In the engine exhaust purifying device described in Claim l t an engine 
exhaust purifying device characterized in that an oxygen sensor is provided on the 
downstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity, and oxygen is supplied to the aforementioned catalyst having 
high carbon monoxide combustion activity in response to signals for the said oxygen 
sensor. 

(Claim 9) In the engine exhaust purifying device described in Claim 1 . an engine 
exhaust purifying device characterized in that, until the aforementioned exhaust- 
purifying caialyst reaches its activation temperature* the air-fuel ratio in the engine air 
supply is controlled such that it is fuel rich to raise the carbon monoxide 
concentration in the exhaust gas, thereby increasing the carbon monoxide combustion 
heat of the catalyst having high carbon monoxide combustion activity and shortening 
the time taken for the exhaust-purifying catalyst to reach its activation temperature, 
(Claim 10) In the engine exhaust purifying device described in Claim 1, an engine 
exhaust purifying device characterized in that die aforementioned catalyst having 
high carbon monoxide combustion activity is provided with heating means, and the 
aforementioned catalyst having high carbon monoxide combustion activity is heated 
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by the aforementioned heating means until the temperature at which carbon monoxide 
combustion commences. 

(Claim 11) In the engine exhaust purifying device described in Claim 10, an 
engine exhaust purifying device characterised in that the aforementioned heating 
means involve elect rical heating , 

(Claim 12) In the engine exhaust purifying device described in Claim 10, an 
engine exhaust purifying device characterized in that the aforementioned heating 
means involve heating by means of heat stored in a heat-regenerating materi a l . 
(Claim 13) An automobile characterized in that it is fitted with an engine exhaust 
purifying device as described in any one of Claims 1-12. 

(Claim 14) A cogeneration system characterized in that it is fitted with an engine 
exhaust purifying device as described in any one of Claims 1-12. 

(Detailed Description of the Invention) 
(0001) 

(Industrial Held of the Invention) The present invention relates to a device 
wherein an adsorbent is provided on the upstream side of an exhaust-purifying 
catalyst provided in the exhaust passage of an engine, and it concerns an engine 
exhaust purifying device suitable for promoting temperature rise in the exhaust- 
purifying cataly st such that it reaches its operating temperature. Furthermore, it also 
concerns an automobile or a cogeneration system using this device. 
(0002) 

(Prior Art) In conventional engine exhaust purifying devices, usually, a catalyst is 
provided in the engine exhaust passage to purify the exhaust gas. However, catalysts 
do not work effectively until they reach a temperature of approximately 300°C or 
above, and this means that directly after the engine is started, in other wends, when 
the exhaust gas temperature is low, the exhaust gas cannot be adequately purified. On 
the other hand, directly after the engine is started, the engine temperature is low and 
large quantities of unburnt hydrocarbons are discharged. Therefore, methods whereby 
unburm hydrocarbons are initially adsorbed by means of an adsorbent and then 
desorbed and purified by a catalyst when the exhaust temperature has risen, have been 
disclosed (see Laid-open Utility Model [Jikkail No. S6O-190923, Laid-Open Patent 
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190923, Urid-Open Patent Application [ToJtfca] No. 63-68713, Laid-Open Patent 
Application \Toikai] No. 2-75327. and Laid-Open Patent Application \Jokkm\ No. 2- 
135126). However, the catalyst temperature must be 300°C or above in order to 
purify die desorbed onburot hydrocarbons. Therefore, it depends on the positional 
relationship of the adsorbent and the catalyst, and although a desorption temperature 
at the adsorbent of at least 300°C or above, or a temperature beyond this, is 
demanded, in fact, even with adsorbents where adsorption occurs at 300°C or above, 
dris means that the peak adsorption temperature is 300°C or above, and adsorption 
also occurs at temperatures below this, thus presenting an obstacle to practical 
application. In other words, since the engine itself is cold immediately after it is 
started, fuel adheres to the air inlets and cylinder walls, and combustion is 
incomplete. At the same time, it is necessary to introduce air containing excess fuel in 
older to start smoothly. Consequently, a large quantity of unbumt hydrocarbons will 
be contained in the exhaust gas. Furthermore, immediately after starting the engine, 
the exhaust-purifying catalyst (commonly called a ternary catalyst) will not be 
warmed op either, and with the catalyst temperature below 300°C which is its 
operating temperatme, no purification action will be evident Therefore, the unbumt 
hydrocarbons emitted in the first two minutes after starting the engine account for a 
large proportion of the total amount of unbumt hydrocarbons enrined during a 
journey. On the other hand, automobile exhaust gas restrictions are due to be further 
tightened, and to meet these, it will be necessary to purify the unbumt hydrocarbons 
emitted immediately after starting die engine. Therefore, by providing an adsorbent 
on the upstream side of a conventional catalyst, initially adsorbing in an adsorbent 
the unbumt hydrocarbons emitted immediately after starting the engine, and then 
allowing the unbumt hydrocarbons to be desorbed once the catalyst reaches its 
operating temperature as the engine warms up and the exhaust gas rises in 
temperature, then it is possihle to reduce the total emission of unbumt hydrocarbons 
simply by adding an adsorbent to a conventional system. 

(0003) However, when the unbumt hydrocarbons emitted immediately after starting 
the engine are desorbed from the adsorbent, if the temperature of the exhaust- 
purifying catalyst has not reached its activation temperature, the unbumt 
hydrocarbons will be released into the atmosphere without purification. Examining 
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the characteristics of hydrocarbon desorprion from adsorbents, there is a wide 
desorprion temperature range (for example, approximately 100°C), and so even if die 
peak temperature is 300°C, for example, desorpnon will in fact start at 250°C 
Consequently, at the temperature where the hydrocarbons start to desorb from the 
adsorbent, the exhaust-purifying catalyst must be heated up to its activation 
temperature Heating of the exh au^-purifying catalyst by means of the temperature 
rise in the exhaust gas alone is not sufficient for this purpose. 
(0004) 

(Problem that the Invention Aims to Solve) 

In conventional engine exhaust purifying devices, there has been the problem that 
even if an adsorbent is provided in the engine exhaust passage to adsorb cnburnt 
hydrocarbons, these unburnt hydrocarbons desorb before the catalyst reaches its 
activation temperature. Therefore, me catalyst should be heated to its activation 
temperature by the time the unburn! hydrocarbons desorb from the adsorbent. Since 
the adsorbent adsorbs hydrocarbons, but does not adsorb carbon monoxide, the 
carbon monoxide passed by die adsorbent should be burnt by the catalyst and used to 
heat the catalyst . Carbon monoxide has a low ignitio n temperature in cataly tic 
combustion compa re d to hydrocarb on^jndjsh^^catalyst. combustion can even 
san at or below 0°C Fm Therra ore. since ex hau st gas contains carbon » ^o xidg jn 
( ^^^^°£J^9S^^ fdm^mm^LS^[ than hydrocarbons, the amount of 
h ^j^^$edJby.ci2jAu^airf_dus carbon monoxide is greater than that produced if 
combustion of the hydrocarbons is used. 

An object of the present invention is to provide an engine exhaust purifying 
device whereby a catalyst can be heated rapidly to its activation temperature by heat 
from catalytic combustion of carbon monoxide, before hydrocarbons are desorbed 
from an adsorbent, thereby enabling hydrocarbons to be purified and the amount of 
hydrocarbons discharged externally to be reduced. Furthermore, a further object is to 
provide an automobile and a city energy cogeneration system using this device. 
(0006) 

(Means for Solving the Problem) In order to achieve the aforementioned objects, 
in an engine exhaust purifying device wherein an exhaust-purifying catalyst is 
provided in the exhaust passage of an engine and an adsorbent is provided on the 
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upstream side of the said exhaust-purifying catalyst, flic engine exhaust purifying 
device relating to the present invention is constituted such thai a catalyst having high 
carbon monoxide combustion activity is provided between die aforementioned 
exhaust-purifying catalyst and the aforementioned adsorbent, and carbon monoxide is 
burnt by the aforementioned catalyst having high carbon monoxide combustion 
activity,, promoting temperature rise in the aforementioned exhaust-purifying catalyst 
and causing it to reach its activation temperature. 

(0007) Furthermore, it may also be constituted I such that a catalyst having high 
carbon monoxide combustion activity is contained in the aforementioned exhaust- 
purifying catalyst 

(0008) Moreover, it may also be constituted such that one portion of the exhaust 
upst r eam side of the aforementioned exhaust-purifying catalyst is a catalyst having 
high carbon monoxide combustion activity. 

(0009) Furthermore, it may also be constituted such that the aforementioned exhaust- 
purifying catalyst has a multi-layer structure whereby a layer of a catalyst having high 
carbon monoxide combustion activity is provided in a parallel direction to the exhaust 
flow. 

(0010) Moreover, it may also be constituted such that an air supply device is provided 
on die upstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity, and air causing the carbon monoxide to oxidize is supplied by 

of the said air supply device. 

(001 1) Furthermore, it may also be constituted such that the aforementioned air 
supply device is provided on the upstream side of the adsorbent 

(0012) Moreover, it may also be constituted such that a carbon monoxide sensor and 
an oxygen sensor axe provided on the upstream side of die aforementioned catalyst 
having high carbon monoxide combustion activity , and oxygen is supplied to the 
aforementioned catalyst having high carbon monoxide combustion activity in 
response to signals from these sensors. 

(0013) Furthermore, it may also be constituted such that an oxygen sensor is provided 
on Ac downstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity, and oxygen is supplied to the aforementioned catalyst having 
high carbon monoxide combustion activity in response to signals for the said oxygen 
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(0014) Moreover, it may also be constituted such that, until the aforementioned 
exhaust-purifying catalyst reaches its activation temperature* the air-fuel ratio in the 
engine air supply is controlled such that it is fuel rich to raise the carbon monoxide 
concentration in the exhaust gas, thereby increasing the carbon monoxide combustion 
heat erf the catalyst having high carbon monoxide combustion activity and shortening 
the riTng taken for the exhaust-purifying catalyst to reach its activation temperature* 
(00 1 5) Furthermore, it may also be constituted such that the aforementioned catalyst 
having high carbon monoxide combustion activity is provided with heating means, 
and the aforementioned catalyst having high carbon monoxide combustion activity is 
heated by the aforementioned heating means until the temperature at which carbon 
monoxide combustion commences* 

(0016) Moreover, it may also be constituted such that the aforementioned heating 
means involve electrical heating. 

(0017) Furthermore, it may also be constituted such that the aforementioned heating 
means involve heating by means of heat stored in heat-regenerating material. 

(0018) Moreover, it may also be constituted such that a car is fitted with an engine 
exhaust purifying device as described in any one of Claims 1-12. 

(0019) Furthermore, it may also be constituted such a cogeneration system is fitted 
with an engine exhaust purifying device as described in any one of Claims 1-12. 
(0020) 

(Action) By means of the present invention, when engine exhaust gas passes 
through the adsorbent, hydrocarbons are removed by adsorption, carbon monoxide 
which passes on without being adsorbed is burnt by a catalyst having high carbon 
monoxide combustion activity, and this combustion heat raises the temperature of die 
catalyst Carbon monoxide is contained in the exhaust gas in larger quantity than 
hydrocarbons, and it also generates greater combustion heat. Furthermore, since the 
temperature at which the carbon monoxide starts to combust is lower than for 
hydrocarbons* its combustion starts readily. In structural terms, the catalyst having 
high carbon monoxide combustion activity is positioned downstream from the 
adsorbent, and the carbon monoxide combusts here. Thereby, die exhaust gas 
temperature is raised and it becomes easier to purify the hydrocarbons by means of 
the exhaust-purifying catalyst. Furthermore, by adding the catalyst h aving high 
carbon monoxide combustion activity to the exhaust upstream portion of the exhaust- 
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purifying catalyst, not only is the exhaust gas temperature raised, but also heating of 
the exhaust-purifying catalyst is promoted by means of thermal conduction. 
Similarly, if the catalyst having high carbon monoxide combustion activity is mixed 
with, or arranged in parallel with, the exhaust-purifying catalyst, heating of the 
exhaust-purifying catalyst is efficiently promoted by means of thermal conduction. 

(0021) Furthermore, it is desirable to supply air in the exhaust gas so that the carbon 
monoxide combusts efficiently at the catalyst, and idea lly, the volume of air supplied 
should be controlled by detecting the carbon monoxide concentration in the exhaust 
gas. However, by providing an oxygen sensor on the downstream side of die catalyst 
having high carbon monoxide combustion activity and detecting die oxygen 
concentration in the exhaust gas at the catalyst outlet, die oxygen can be controlled so 
that a certain «rnrmnf of oxygen is contained after combustion. Furthermore, the 
supply of air must be implemented from immediately after starting the engine until 
desarption of the hydrocarbons adsorbed in the adsorbent is completed. By doing this, 
it becomes possible to burn and purify both the carbon monoxide and die desoxbed 
hydrocarbons with good efficiency. 

(0022) An air supply dgvij ^shcmjdbe located onthe upstream side of the catalyst 
having high carbon monoxide combustion activity. Moreover, more desirably, it 
should be located on die upstream side of die adsorbent This is because the adsorbent 
itself may have some combustion activity, in which case, by supplying air to the 
upstream side of the adsorbent, it is possible to bum and purify a portion of the 
hydrocarbons at the adsorbent when they are desorbed Furthermore, it also improves 
the mixture of air and exhaust gas. 

(0023) 

(Embodiment) Embodiment 1 of the present invention is described with reference to 
Fig.1- 

(0024) As shown in Fig.l, a ternary catalyst 4 (1.0 hue volume) as generally used in 
automobiles as an exhaust^urifying catalyst was placed in the exhaust passage 2 of a 
gasoline engine 1, an adsorbent 3 was placed upstream therefrom, and a catalyst 5 
having high carbon monoxide combustion activity was placed between the exhaust- 
purifying catalyst and the adsorbent The adsorbent was manufactured by mixing 
alunrinazol and water with an H-type rooideoite to form a slurry, and then coaxing 
this onto a [cordelite] [*] monolith carrier (1.0 litre volume, 400 cells/in 2 ). After 
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coating, it was dried for one hour at 1 00°Q and then sneered for three hours at 
500°C The coating, drying and sintering processes were repeated until the H-type 
moidenite in total formed 140 g/litre- The catalyst having high carbon monoxide 
combustion activity was manufactured by coating an alumina catalyst supported with 
05wt% palladium onto a [coidclite*] monolith earner (0.2 litre volume, 400 
cells/in 2 ). After coating, it was dried for one hour at 100°Candihen sintered for two 
horns at 7(X)°C The coating,, drying and sintering processes were repeated until die 
coating volume was 20 wt%- 

([*] NOTE: suggested translation for unknown material name: "kojeraito" - 
TRANS.) 

(0025) Furthermore, an air supply device 6 was connected to the upstream side of the 
adsorbent via a variable-flow control valve 7- An oxygen sensor 8 was installed in the 
exhaust passage at the outlet of die catalyst having high carbon monoxide combustion 
activity, and an oxygen sensor 9 was installed at the [site of die] adsorbent. Signals 
from temperature sensor 9 and oxygen sensor 8, and the exhaust gas flow-rate as 
calculated from the engine revolutions were input to control unit 10, such that air 
supply device 6 could be controlled cm the basis of these signals. When the adsorbent 
temperature is at or above the temperature where the unburnt hydrocarbons are 
completely desarbed, the air supply device is halted and the air-fuel ratio in the 
engine air supply is controlled in accordance with the signal from oxygen sensor 8. 

(0026) In die present embodiment, the catalyst temperature was raised to its 
activation temperature and above by the combustion heat of the carbon monoxide, 
before the unburnt hydrocarbons started to desorb from the adsorbent When 
hydrocarbon adsorption capacity was evaluated for a variety of adsorbents, it was 
found thai there was virtually no adsorption of carbon monoxide with adsorbents 
having a high adsorption capacity for hydrocarbons. Furthermore, considering that 
the concentration of carbon monoxide in die exhaust gas is one to two orders of 
magnitude greater than the hydrocarbons, and the combustion heat of carbon 
monoxide is approximately one fifth that erf hydrocarbons, a sufficient thermal output 
can be expected. Therefore^if the ca^dystcan , be „beatedby d^wmlR^cm h^ of 
carbon monoxide that has passed through the adsorbent, then it is pos sible to rais e the 
temperature of the catalyst to its activation temperature without waidng for die 
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exhaust gas temperature to rise, and it was thought that despite the fact that the 
catalyst is downstream from the adsorbent, the catalyst temperature could still be 
raised above the adsorbent ternperatui^ In order to bum the carbon monoxide at low 
temperatures, it is necessary to provide a catalyst having excellent carbon monoxide 
combustion activity on the downstream side of the adsorbent This is because 
although conventional ternary catalysts themselves nave carbon monoxide 
combustion activity, since they also perform purification of hydrocarbons and 
nitrogen oxides, their initial combustion temperature for carbon monoxide is high 
compared to standard catalysts designed specially for carbon monoxide combustion. 
Furthermore, sufficient oxygen is required for carbon monoxide combustion to 
proceed efficiendy, and at the least, an air supply device must be provided on die 
upstream side of the catalyst having high carbon monoxide combustion activity. 
Moreover, to control the supplied air volume and make the air supply device operate 
efficiently, it is desirable to provide an oxygen sensor and a carbon monoxide sensor 
in the exhaust passage. However, whilst oxygen sensors are currently being fitted to 
automobiles, there is no example of a carbon monoxide sensor being fitted- 
Therefore. a method should be adopted whereby the carbon monoxide concentration 
is estimated from the air-fuel ratio of the air supply to the engine, the engine 
temperature, the en gine revolutions, and the like, and the supplied air volume is 
controlled in accordance with die oxygen concentration in the exhaust gas, or a 
method whereby a sensor is placed downstream from die catalyst having high carbon 
monoxide combustion activity and air is supplied such that unreacted oxygen is 
always observed on the downstream side. 

(0027) Furthermore, although the carbon monoxide concentration in the exhaust gas 
is a high value (approximately 6%) immediately after the engine is started, later it 
falls to roughly 1%. Accordingly, in order to promote heatin g pfthe CTtjh/stby 

i of carbon monoxide combustion, it is desirable for the air-fuel ratio in the air 



supply to be kept fuel rich to maintain a high concentration of carboy monoxide in 
the exhaust gas, until die catalyst temperature is sufficient. Standard air-fuel ratio 
control is conducted in accordance with the output from the oxygen sensor to keep the 
carbon monoxide concentration high. If an air supply device is positioned upstream 
from die catalyst to supply air, it is desirable tor the air supply device to be located on 
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the upstream side of the adsorbent, in order to produce a uniform mixture of exhaust 
gas and air. 

(0028) Amon g catalysts showing activity in carbon monoxide combustion, catalysts 
which arc active even below 0°C are known, but in cases where, due to problems of 
thermal msistaocc, toxicity, or the like, a material with a high initial combustion 
temperature (for example, around 150°Q has to be used, this catalyst must be heated 
and its temperature raised at least to the initial combustion temperature. One method 
for this is healing by means of electricity or heat regeneration. In this case, the 
heating should raise the catalyst temperature to the initial combustion temperature for 
carbon monoxide, and when compared bo heating the catalyst by electricity or heat 
regeneration alone, this method is preferable as it uses less energy* 

(0029) Embodiment 2 of the present invention is now described with reference to 

(0030) As shown in Fig.2, die point of difference from Embodiment 1 is the fact that 
a catalyst 5 having high carbon monoxide combustion activity is placed at the exhaust 
outlet of the exhaust-purifying catalyst The structure of this exhaust-purifying 
catalyst 11 is shown inFlg.3. The catalyst 5 having high carbon monoxide 
combustion activity is provided at the exhaust inlet in Fig 3, apart from which it is a 
standard ternary catalyst 4. The volume of the catalyst having high carbon monoxide 
combustion activity is 0.2 litre, and the volume of the ternary catalyst is 0.8 litre; 
making a total volume of 1.0 litre. The catalyst having high carbon monoxide 
combustion activity was prepared following the same method as in Embodiment 1. In 
this case, an oxygen sensor 8 is placed on the upstream side of the catalyst having 
high carbon monoxide combustion activity and on the basis of its signal, an air supply 
device 6 and a variable-flow control valve 7 are controlled such that sufficient oxygen 
is contained in the exhaust gas. In this case also, the air supply device is halted when 
the adsorbent temperature reaches the temperature where desor pt iou of the unburnt 
hydrocarbons is completed, and the air-fuel ratio of the engine air supply is controlled 
on the basis of the signal from oxygen sensor 8. 

(0031) Embodiment 3 of the present invention is now described 

(0032) Using the device according to Embodiment 2 shown in Hg.2, a different 
exhanst-purif ying catalyst 1 1 to that in Embodiment 2 was employed- Specifically, as 
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shown in Rg.4. the catalyst used was prepared by mixing together a ternary catalyst 
powder and a catalyst having high carbon monoxide combustion activity and coating 
this mixture onto a [cordelite] monolith carrier (1.0 litre volume, 400 cells/in 2 ). The 
preparation method and catalyst powder were the same as in Embodiment 1. 
Furthermore, the other conditions were the same as in Embodiment 2. A fourth 
embodiment of the present invention is now described. 

(0033) Using the device according to Embodiment 2 shown in Rg.2, a different 
exhaust-purifying catalyst 11 to that in Embodiments 2 and 3 was employed. 
Specifically, as shown in Fig-5. a catalyst having high carbon monoxide combustion 
activity was coated in 100 cell unit bands onto a [cojdelitej monolith carrier (1 .0 litre 
volume* 400 cells/in 2 ), which also provided an exhaust-purifying catalyst at equal 
intervals. Hie other cells were coating with a standard ternary catalyst powder. In this 
case, the total volume of cells coated with catalyst having high carbon monoxide 
combustion activity was 0.1 litre- 

(0034) Embodiment 5 of the present invention is now described with reference to 
Hg,6. 

(0035) As shown in Fig-6. the point of dififermce from Embodiment 1 

oxygen sensor 8 and a carbon monoxide sensor 12 are provided between an adsorbent 
3 and a catalyst 5 having high carbon monoxide combustion activity. The supplied air 
volume was controlled using these sensors. Specifically, the carbon monoxide 
concentration and oxygen conc«itratiOT were detected and air was supplied such that 
the oxygen concentration was always sufficient for the carbon monoxide to be burnt 
completely. Since the carton monoxide must be burnt, excess air was supplied at all 
times bearing the carbon monoxide ratio in mind. 

(0036) Embodiment 6 of the present invention is now described- 

(0037) Using the same device as in Embodiment 1 shown in Rg.l, for one minute 
after starting the engines the carbon monoxide concentration in the exhaust gas was 
kept at 3% or above by maintaining a fuel-rich air-fuel ratio in the engine air supply. 
Under normal control, immediately after starting die engine, die concentration of 
carbon monoxide in the exhaust gas reaches approximately 6%, but after about 20 
seconds, it falls to around 1%. This level was kept at 3% or above by controlling die 
air -fuel ratio. Other controls were the same as in Embodiment 1- 
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(0038) Embodiment 7 of the present invention is now described with reference to 

(0039) As shown in Fig.7, the point of difference from Embodiment 1 is the fact thai 
the catalyst 5 having high carbon monoxide combustion activity can be heated by 
electricity- Catalyst 5 is electrically heated by means of a power source 13. The power 
source is connected to a control unit 1 0, and furthermore, a temperature sensor 9 k is 
located at the catalyst 5 having high carbon monoxide combustion activity. When the 
temperature of the catalyst 5 having high carbon monoxide combustion activity is 
lower than the carbon monoxide combustion starting temperature, current from the 
power source is passed through a heater mounted in the catalyst, and the temperature 
is raised to the carbon monoxide combustion starting temperature. Apart from this 
heating of the catalyst 5 having high carbon monoxide combustion activity* it is the 
same as Embodiment 1. 

(0040) Embodiment 8 of the present invention is now described with reference to 
Kg-8. 

(0041) As shown in Hg-8, the point of difference from Embodiment 1 is the fact that 
a heat-regenerating material 14 is provided at the catalyst 5 having high carbon 
monoxide combustion activity. Calcium oxide (CaO) is used as the heat-regenerating 
material 14, and when the catalyst temperature is to be raised, water is added to the 
calcium oxide, and the reaction heai from its conversion to calcium hydroxide 
(Ca(OH)2) is used. During normal running of the engine, namely, when the catalyst 
temperature is high, the calcium hydroxide reverts to calcium oxide, and therefore it 
can be used again for raising the catalyst temperature. Control is effected by detecting 
die catalyst temperature by means of a temperature sensor 9* provided at the catalyst 
having high carbon monoxide combustion activity, and supplying water to the heat- 
regenerating material 14 by means of a water supply device 15 when the catalyst 
temperature is below the carbon monoxide combustion starting temperature. The 
amount of water added is calculated from the temperature rise required by control 
unit 10, which controls the water supply device. 

(0042) Moreover, whilst chemical reaction heat is used for the heat-regenerating 
material in the present embodiment, it is also possible to use the latent heat from 
materials with a large thermal capacity, or solid-liquid phase changes, or die like. In 
this case, heat is stored in the heat-regenerating material when the catalyst is hot, and 
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heat loss is prevented so that heat emission when the engine is off is a minimum, thus 
suppressing a fell in the catalyst temperature so that the catalyst temperature is still 
high when the engine is restarted. 

(0043) Furthermore, since die combustion starting temperature for carbon monoxide 
varies depending on die catalyst, i t is sometimes necessary, depending on the catalyst, 
for the catalyst having high carbon monoxide combustion activity to be heated, and in 
this case* electricity or heat regeneration may be used. The energy supplied is low 
compared to when electricity or heat regeneration alone are used to heat the catalyst. 

(0044) As Comparative Example 1, the catalyst having high carbon monoxide 
combustion activity 5 was removed from the device according to Embodiment 1 
shown in FigJ, and the device was controlled in the same way as in Embodiment 1. 

(0045) Thereupon, in order to compare the exhaust purification performance of the 
engine exhaust purifying devices described in Embodiments 1 to 8 and Comparative 
Example 1, cold start experiments were conducted using an engine bench. 
Specifically, using an engine which had been left for at least 12 hours or more since 
last stopping* the engine was started, idled, accelerated and run at 60 km/h., and the 
unburn! hydrocarbons emitted were analyzed. By comparing the total amount of 
unburnt hydrocarbons emitted during the experiment, the engine purifica tion 
performance of the engine exhaust purification systems was evaluated- The results are 
shown in FigA The vertical axis of this graph shows respective values when die total 
unburnt hydrocarbon emissions in the case of Comparative Example 1 is taken as 1, It 
can be seen that the ratal hydrocarbon emissions in the embodiments are lower than in 
Comparative Example 1. It appears that purification efficiency is raised when a 
catalyst having high carbon monoxide combustion activity is provided. 

(0046) Furthermore, in the foregoing, the combustion of carbon monoxide in 
particular was explained and a catalyst having high carbon monoxide combustion 
activity was described as the catalyst, but in fact it is desirable for it also to have high 
hydrocarbon combustion activity. This is because, thereby, combustion hear not only 
from carbon monoxide, but also from hydrocarbons that pass through without being 
adsorbed, can be used to heat the catalyst. Furthermore, in the embodiments, a 
[cordelite] monolith carrier is used, but a metal monolith carrier may also be used, 
and because of the high thermal conductivity, this brings even greater advantages. 
(0047) 
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(Advantages of die Invention) According to the engine exhaust purifying 
device of the present invention, unbumt hydrocarbons emitted in large quantities 
upon engine start-up are adsorbed in an adsorbent, carbon monoxide which passes 
through without being adsorbed is burnt by means of a catalyst having high carbon 
monoxide combustion activity, thereby promoting temperature rise in an exhaust- 
purifying catalyst, and die exhaust-purifying catalyst reaches a temperature at co- 
above its activation temperature by the time the unbumt hydrocarbons start to desorb 
from die adsorbent. Thereby, it is possible to reduce the amount of hydrocarbons 
emitted into the atmosphere* 

(Brief Description of the Drawings) 

(Fig,l) A compositional diagram showing Embodiment 1 of the present invention. 
(Fig*2) A compositional diagram showing Embodiment 2 of the present invention. 
(Fig.3) A diagram showing the principal elements of Fig SL 

(Fig.4) A diagram showing a further embodiment of the principal dements ofFig^, 
(Kg-5) A diagram showing a further embodiment of the principal elements of Fig.2. 
(Fig.6) A compositional diagram stowing Embodiment 5 of the present invention, 
(Fig.7) A compositional diagram showing Embodiment 7 of the present invention. 
(Hg.8) A compositional diagram showing Embodiment 8 of the present invention. 
<F?g.9) A diagram showing a comparison between the respective embodiments of the 
present invention and a comparative example. 

(Description of the Symbols) 
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petrol engine 


2 


exhaust passage 


3 


adsorbent 


4 


exhaust-purifying catalyst 


5 


catalyst having high carbon monoxide combustion activity 


6 


air supply device 


7 


variable-flow control valve 


8 


oxygen sensor 


9 


temperature sensor 


9* 


temperature sensor 
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10 control unit 

11 exhaust-purifying catalyst containing catalyst having high carbon monoxide 
combustion activity 

12 carbon monoxide sensor 

13 power source 

14 heat regenerating material 

15 water supply device 

TRANSLATION OF WORDING ON DRAWINGS 

[Hg3-Fig-5] [wording on left-hand side:] 
Direction of exhaust gas flow 

[Hg.9] [wording on bottom of graph from left to right) 

Embodiment 1 

Embodiment 2 

Embodiment 3 

Embodiment 4 

Embodiment 5 

Embodiment 6 

Embodiment? 

Embodiment 8 

Comparative Example 1 



(cont'd from front page) 

IntXJ MemificatoiCwte Japanese Patent Office FI Technical Designation 



F01N 3/24 



3/28 



301 



E 
L 
P 



File No- 
9150-3G 
91503G 
9I50-3G 



17- 



TOTAL P. 18 




(6) 



*. ^mm^nnmrr^mM^mn^L-y m or £ 

to 04 5] *fc:^J6m*S8, atocfcitewiic* 

^ffiL*:. Tfc*>5 % #it^fr 121^153^ h#g 
10 04 63 »ETttftCHWb«©«ttt^ 



i<7 



a? 



ftBB¥5-5 9 9 3 7 
CO 0 4 7] 

CHI] *M«^iHmMRt»fi a 
C0 2 ] #3£9i<z>3£&0[ 2 ^^IricH-raBS. 
C03J 02OgSSStgr*-5. 
CH 4 ] 0 2 ©55«©«03«fi«^-rHT**. 

cei s] ^^<D^yg^ s &7F;Tm&m7?&z m 



CHI] 



2 

3 «3ray 

1 0 s 

1 3 nm 

C02J 






—279— 



/ 



(8) 



&S8¥5-5 9 9 3 7 



C09] 




0.4 



0.2 



m m m m m m m m w\ 

'2 3 4 5 6 7 81 



(51) lot. CI. 4 



F I 



- - * " Jb 9150-3G 

L 9150-3G 

3/28 3 0 1 P 9150-3G 

(72)^5g# ma 

3^M5RBU:f^>\je»r4025s^ asc^s 

ft»ffr?rB&W3£arf** 

^*»B&rij*J£*r4026#j6> f*5££ttB 



(72) m 




a»a*H»aw (jp> 02) 5i §1 # I^F ^ ^ (A) m)*&nw*m&* 

#H¥5-59937 

(43)&08B ^5^0993)3^9 0 



H 9150-3G 

K 9150-3G 

3 0 1 B 9150-3G 

B 9150-3G 

C 9150-3G 



(2i)am#^ 


#Si¥3-218453 




000005108 










(22)m®H 


^3^(1991) 8 M29B 












000005441 
















JtD^^BBK^ST 2TS6S2^ 






(72)559!^ 










^i^03acm^»r4O26#^ a^^ts 








St$tfWfBStW3Wfrt 






(72)^^ 
























(74)RSA 


im± mm mz. 











(54) bwi©*« xL>i?>&&&{t£m 



(57) ffift] 

[{*£] 2 4>S*M 3 «>T««*>8WS« 3 1 

te&5£gg|S:b, ^M3$r^5§bT€fe-^^«: 



(51) Into.* 

F 0 1 N 3/20 

3/22 
3/24 




—273— 



w*« 2 j sum i ffi%<ox >y > 1 «K aHfcSBt: 
w*«4i »**2e«©x>e>>#»»fcg H <- 

UMW61 ■«5EW!a>j;>« JBM!Mt 
«**7] ■^1B»©x> S >>«hn MWc 

w*«9i a*«is2s©x>-^>»gi t(b gg tc 

atT4x>s?>»aS*ft«H. 

w*a i o j m*m i s«<ox>->->#a»ftga 



jo 



(2) #§§¥5-5 9 9 3 7 

2 

1 1 j at** i oE««>x>i»#ao WM j 
fa** i 2 ] a*flio s«©x > 

41oaT*5Ct6(»»it5i>j; > { t gj W1;S([> 

[»*« i3] a*5i-i2® »rn* i «S2«© 
r»*w i 4 j si#jh i~i2 onrti* i msift<D 

*U->3 >->;*. ^ A. 
[3898©S¥fflfcieg<H 
[00 0 1] 

T*. £©gaSrfflt,>&ilft*, 3^x*P--> 

[0 0 0 2] 

[«£*««*] «*ox>y>»*» ftaafc ^ frlT 

a«ttx>i?>fflflE fc<E< . ^tojfcMURtejtj^^,,, 

S*^*t»SRSnTt>5 G?HB«6 0- 1 9 09 2 3^ 
4MB, #raB36 3 - 6 8 7 1 3*£<f. #B8¥2 - 7 5 
3 2 TWttBtWj.! 3 5 1 2 6 

T. »*iWt«fll©&aB8««ci:DS>i**t, ®SS(© 
R«-rSK«9Jr&. K*©tf-;?fiSAi3 0 0r€t± 
>S»£«ttx>i>>@##fc* T n. 5 j 5 . J{K 

m^hsitcsi. £& . x>->-> SWitattSf 



—274— 



• 



(3) 



ftllB^S- 5 9 9 3 7 



&um*&ftELBrc&z> 3 o ox:&tfx&k>. mtttm 

[0003] u*u x>i^>sftiawc#ffl$nfc* 
tttttW^t. &3f*aSISlSl*l2;< (fc^tfioo 

rss) . *-©if-*fifl»*&£*.tf 3 o oTOot 

2 5 0r^6J&^£§S#rr*. «3T. wstn 20 

z&&itmm\z*xw&2i£mfn\tt£>u^. t<orc 

&^X^Z>rd\lX\**+ttX$>Z>. 
[0 0 0 4] 

afcJfc^T 1 fir* 6 2 K»»-ttflA*tf*£nTt>* 
[0 0 0 5] *^0@Wtt> ft8ffi*&ftft*$**JK ^ 

&m^n*^^K^s«r<s«rrsct<oT$^x>^> 

U - -> 3 >>-v^ A^g^r z> c £ iCco*. 

[0 0 0 6] 

*%^t::^*x>^>^f£fl:^®t*. x>y>o 



(0 0 0 7] tT^MMC-S^MS 
[0 0 0 8] *fc*S3Cf1Kb««fll«>»ftJb»«05-«*« 

[0 0 09] * 5C»a»fls«»ttEK:-«ft:«*j»ift?s 
[ooio] ^vx-mtfcm&mm&<D&^temv>Jt 

[0 0 11] ^fcfflg««««*t!R3»JW<0±««fflK:E« 

co o i 2] z z\z-mfcfcmi^m&<oi*\,>m$<D± 

[0 0 13] ^UT-Rfl^^lRiloav^iDT 

T&%*-&<tj%%fem&&<n^m&iz&&Tzm& 
[ooi4] £ rzmfz&fcmf&m&m&.itm&.iz^m'? 

mf&m<om&{tWL&\zmmTz&M*m&?zm&x*> 

[0 0 15] S 5 C-ttftH^SttoS^ttfi^lD 

[0 0 16] ^LT5nK*#Kii^^-r&^«fiJcTfe 
[0 0 17] SfcioSft^aiMJHaWlcS^en&^KiJ: 
[0018] $^i:§Wi:^m BfcMlwiz 

[0 0 19] -tlTa^U-ya >~>X5^Atc43V> 

[0 0 2 0] 



—275— 



• 



(4) 



mmteeatKmjzr, fc#afc#s*c^»rsn-c*s9 

■*«**B«r*::£fcfco. fCTHNUHWl 

ft*ft***Rf*JtTT**-«dlt»«#»s 

[0 0 2 23 MUra«tt^^*«*Rft W > 
*«»±SSfflCESTtitfJ;H. .fcDffjfeK 

fO 0 2 3] 



5-59937 



-fa 

(0 0 2 4] Bic*tJ:5t. »vy>x>s»io 

* (*«1.0UyHk -fc«*400/ln') fc3-5^>$r 
Wft«U 500-CT3B#|BJ&£SU&. a -^ >{ f » 



«JHK400/u>) C3-fomuti:J:!)«: 
SUfc. a-y^y^. ioo"CTi^mi£JSb. root: 

CELT. 3-^>^a#20»iXfc*:5J:5CU& 

CO 0 2 5] *&. *«M>±tM| fctt . 5r X&eatt|p 

&*>6»aju&tta>sa*t«»a.x ; , h i o w&oa* 

[0 0 2 6] **montx. 
fc^^wflactmneeiM^ic:,, ***** 

**>6r. ««MUfcl:0*IMWUe«H W -. | - Sct 

««:*®lM:efc*/5:r&»K. -BftMXaftttlltt 
*fc. < ai6afc 

-«fl«t*-t>*eiwiL& W tt ft n. for, i>->- 

(0 0 2 7) «&, ***«-«<fc**«flfttX>5>> 



—276— 




( 

7 

»€rtt*er**fctt- M<L£3l«>©#tfc1B£*S— IZ* 
[0 0 2 8] -K^^lC^^tttltlT . 

CO 0 2 9] *«W©«S«2*H2S#»U3a*«5R - 
9IT-5. 

[0 0 3 0] 0 2 ic^-Tct -51c. HJ8^ l toM^ 
coft^ftfetfcl l39Stttt6nTV^^^&-C««. COM 

&itmmmi i<om&&&z\zmt. 0 3<d#j*aps& 
[oo3i] *&vi<D&mm 3 «agrr*. 

[0 0 3 2] B2lC^Lfc»6«2<Dig«£/B^, 
^< hS^E/ 'jXfifr («P«l.oy -fe;Hfc400/i 

[0 0 3 3] H2lc^Ufciy6«a[2^ei^ffl^, SMlt 




) 5-5 9 9 3 7 

hs^ey yxfift (&Mi.ou y b)V. -b;w8fc4oo/iD*) 

[0034] *f&w<omfc&s&me&&mi>tiiiitz& 
i [0035] m6\zv®-r£5\z, $mwi 

[0 0 3 6] *«W<D||j«W6gttWir*. 

> [0037] hi \ZTRvitmmi(Dm&&m^ x> 
lt, iMii:««n$-MftRiini« 3 xucm 

te^3}lfi«tt»6«i:lT5^ fcj2 officii i% 

[0 0 3 8] *%^CD^3S« 7 £® 7 fcMS 

[0 0 3 9] 0 7 1:^9 1^ ^Ml^KOtM 

— ttfcft&l&&f£&«>8t>i*fll 5 \ZUUm-t>**-9' €r 

[0 0 4 0] *%^HK<H8^8^U^^ 
[0 0 4 1] a 8 C^ti^ tC. ^JStff 1 ^OffiM 

>«>A^*^^SDLT, tK^K^;V->OA (Ca(OH)t) 



—277— 



(6) 



9 

[0 0 4 2] *^fi«i:^^ttt. ^g^fcfl:^ 

[0 0 4 3] B6fc«*<0«8aftBI*&ift*li> #«K 

[0 0 4 4] £L-CHlfc:5sbfc^lSW10>£ 
[0 0 4 5] ZHzmfeW 1 £ 8 . l£LF\Ztt&&l 1 ICtk 

bfcx>S?>£*l^ $6Sfr, 7< KM ftl% 60km/h^ 

« i letter, KiMic*it*^^x*)P^ttt*c 

[0 0 4 6] W&^\&&iZ—mtBZ3%<D&&\Z-Z> 



20 



&68¥5-5 9 9 3 7 



fc&S *>\z%iM&±r'Z>Z. 
[0 0 4 7] 

mi] *%m<D$mw i &^~rmi£&^$>z>* 

[0 2] *56^<oHJ6W2^-r«IScS"C*S. 
[0 3] B2©S9*StHT»*. 

[043 mzoi&uni&omfem&TKTm-v&z. 

[05] H2«)5£ffiOTlfta>IQS«*^"rH7r**. 
[0 6] 43M4>nM 5 ^"TfllriEH^**- 
[0 7] *%^0£ttm€^^J£B'?&£' 
2? [0 8] :£%9!<O^&£01 8 £:7j^~8iJ5£0~C&'5. 

[09] *&w<D*n?n<»nnw£tt&mt<Dit&& 

?kT0T&*. 

[#^<B3ffl] 

l #y»J>x>5?> 

2 

3 

4 &§mfcmfm 

6 £&#*&Me 

30 7 

9' M^ir>^ 
10 h 



40 



l 2 — §£{kj*3H:>lt 

1 3 m& 
14 

i 5 



[0i] 



[0 2] 






—279— 



(8) 



flS¥5-5 9 9 3 7 



[09] 



1.0 



0.8 



0.6 



OA 



0.2 



#«J f« #t| #'J /?') f« #'J ff'J #1 
I 2 3 4 5 6 7 8 1 



7D> h^— z/<Dtfc& 



(51) lot. CI. 5 

F 0 1 N 3/24 

3/28 



E 9150-3G 
L 9150-3G 
3 0 1 P 9150-3G 



F I 



(72) zmm ma 

<72)£9I« Iffl £ 



(72)&Bfrg lUT 2t*k 

^ffrffB&SBWfF*? 

^^Bitm^ffT4026#% **:££?ttB 
jV&tf^rB&Bf^/frrt 



— ?sn — 



\ 3 



(9) ^f5-5 99 3 7 



-281— 



This Page is Inserted by IFW Indexing and Scanning 
Operations anil is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'TADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



